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@ An FSK radio receiver of direct conversion type, 
which derives baseband in-phase and phase quadra- 
ture signals from a received FSK RF signal in re- 
spective mixers by applying local oscillator signals 
to the mixers differing in phase by 90^ in which 
wide-band baseband 90° phase shifting circuits 
formed of only digital logic elements (11. 14), (13. 
12) phase shift the in-phase and phase quadrature 



signals to enable a demodulated digital data signal 
to be obtained by subsequent digital processing. In 
that processing, signals having a frequency that is 
double that of the in-phase and phase quadrature 
signals are derived and used to derive the demodu- 
lated data signal, ensuring high accuracy of detec- 
tion and lowering the accuracy required for the local 
oscillator frequency. 
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@ An FSK radio receiver of direct conversion type, 
which derives baseband in-phase and phase quadra- 
ture signals fronn a received FSK RF signal in re- 
spective nnixers by applying local oscillator signals 
to the nnixers differing in phase by 90^, in which 
wide-band baseband 90^ phase shifting circuits 
formed of only digital logic elements (11, 14), (13, 
12) phase shift the in-phase and phase quadrature 
signals to enable a demodulated digital data signal 



to be obtained by subsequent digital processing. In 
that processing, signals having a frequency that is 
double that of the in-phase and phase quadrature 
signals are derived and used to derive the demodu- 
lated data signal, ensuring high accuracy of detec- 
tion and lowering the accuracy required for the local 
oscillator frequency. 
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WIDE-BAND BASEBAND 90° PHASE SHIFTING CIRCUIT AND FSK RADIO RECEIVER HAVING THE SAME 



BACKGROUND OF THE INVENTION 



Field of Application 



The present invention relates in general to a 
direct conversion radio receiver for a FSK 
(frequency shift keyed) RF (radio frequency) signal, 
and in particular to a direct conversion radio re- 
ceiver having an improved circuit for executing 90° 
phase .shifting between an I (in-phase) signal and a 
Q (phase quadrature) signal generated within such 
a radio receiver, to enable a demodulated digital 
signal to be subsequently derived. 

In recent years, direct conversion radio receiv- 
ers for FSK signal reception have been proposed, 
which have the basic advantage over conventional 
frequency conversion (i.e. s^;perheterodyne) receiv- 
ers of being highly applicable to implementation, 
substantially entirely, as a single integrated circuit- 
In particular, direct conversion FSK radio receivers 
have been proposed in which it is only necessary 
to utilize a single local oscillator circuit, producing 
an output signal that is held close to the. carrier 
frequency of the FSK signal. Such radio receivers 
are described in U.S. Pat. No. 4,193.034. and also 
in U.S. Pat. No. 4,462,107. The basic principles of 
such a direct conversion FSK radio receiver will be 
described referring to the latter U.S. patent. The 
first embodiment of that patent is illustrated in Fig. 
1. Here, the input FSK RF signal consists of a 
carrier of frequency fc which is modulated by being 
successively shifted upward or downward in fre- 
quency by a fixed amount (that amount being des- 
ignated as in the following) in accordance with an 
r-qinal digital signal, e.g. in accordance with 
V. nether the FSK signal represents a 0 or 1 bit. 
That RF signal, which can be expressed as fc + "s 
applied directly to one input of a first mixer circuit 
21, and through a 90° phase shift circuit 23 (i.e. 
which produces a phase shift of 90° at frequencies 
in the fc + range) to one input of a second mixer 
circuit 22. A local oscillator signal generating circuit 
24 produces a local oscillator signal at a frequency 
that is very close to the carrier frequency fc, which 
is applied to the respective other inputs of the first 
and second mixer circuits 21, 22 (although, as 
described, it is equally possible to apply the 90° 
phase shift to the local oscillator signal that is 
supplied to one of the mixers, rather than to the 
input RF signal). The respective outpu: -:jnals 
from the mixer circuits 21, 22 are passed :;u'0ugh 
respective low pass filters 25 and 26. The output 



signals thereby obtained from the low pass filters 
25 and 26 each have a frequency that is the 
difference between the frequencies of the local 
oscillator signal and the input RF signal, i.e. if the 
5 local oscillator frequency were exactly equal to the 
carrier frequency fc- each of these output signals 
would have a frequency that is equal to the fre- 
quency shift amount 6. The output signal from the • 
low pass filter 26 is passed through a circuit which 
70 produces a phase shift of 90° at the frequency of 
that output signal, i.e. in the baseband frequency 
range, then is converted to a digital signal by an 
amplitude limiting amplifier circuit 29. The output 
signal from the low pass filter 25 is similarly con- 
75 verted to a digital signal by an amplitude limiting 
amplifier circuit 28. The output digital signals from 
the amplitude limiting amplifier circuits 28, 29 are 
then processed in a digital logic circuit 30, to 
obtain a demodulated digital output signal. 
20 The operation of that circuit is as follows. Due 

to the 90° phase shift applied to the input of the 
-iixer circuit 22, the output signals from the low 
pass filters 25, 26 will be in phase quadrature. 
However each time the direction of frequency shift 
25 of the input RF signal changes, i.e. from +5 to -5 
or vice-versa, the phase relationship between these 
output signals from the low pass filters 25, 26 will 
change by 180°, i.e. the output signal from the low 
pass filter 27, generally referred to as the phase 
30 quadrature or Q signal, will shift in phase by 180° 
with respect to to the output signal from the low 
pass filter 25 (generally referred to as the in-phase 
or I signal). Thus, by phase shifting one of the I 
and Q signals by a fixed amount of 90°, these 
35 signals will be either mutually in-phase or 180° out 
of phase, in accordance with the direction of fre- 
quency shift of the input RF signal. Hence, a de- 
modulated digital signal can be derived by digital 
processing of the I and Q signals. In the simplest 
40 case, the digital logic circuit could consist of a 
single exclusive-OR gate circuit. 

If the frequency of the local oscillator signal is 
precisely identical to the carrier frequency fc. then 
such a circuit would be satisfactory. However in a 
45 practical manufacturing situation, it is difficult to 
achieve a sufficiently high degree of accuracy for 
the local oscillator signal. If the local oscillator 
signal is higher than the carrier frequency of the 
FSK RF signal, then the I and Q signals from the 
50 low pass filters 25. 26 will each be increased in 
frequency beyond the theoretical value, while if the 
local oscillator signal becomes lower in frequency 
than the carrier frequency, the I and Q signals will 
be correspondingly lowered in frequency. Thus, it 
is necessary that the phase shifter 27 be of broad- 
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band type, in order to cope with such frequency 
errors. Since each of the I and Q signals is a low 
frequency signal in the baseband frequency region, 
there will be difficulty in implementing a suitable 
wide-band 90° phase shifting circuit as the circuit 
27, if a conventional analog type of phase shifting 
circuit is used, particularly when that circuit must 
be formed within an integrated circuit. 

In the following, derivation of the aforemen- 
tioned 1 and Q signals from an FSK RF signal wilt 
be referred to as quadrature demodulation. 

A second problem which arises with a receiver 
circuit of the form shown in Fig. 1 also results from 
frequency error of the local oscillator signal. Since 
the carrier signal is of very high frequency by 
comparison with the baseband frequency region, 
even a small amount of error between the local 
oscillator signal frequency and the carrier frequen- 
cy fc will result in a significant change in the 
frequency of, each of the I and Q signals obtained 
from the low pass filters 25, 26. In particular, if the 
local oscillator frequency is slightly lower than the 
carrier frequency, then the frequency of the l and 
Q signals will be lowered. Each time a logic level 
transition of the original digital signal (i.e. the signal 
that is to be demodulated) occurs, there will be a 
certain amount of delay before the mutual phase 
relationship between the I and Q signals becomes 
shifted by ^80^ as a result of the corresponding 
frequency shift of the RF carrier. As the frequency 
of the I and Q signals is lowered, the amount of 
that delay increases. Hence, for a specific value of 
data rate of that modulating digital signal (i.e. a 
specific value of bit period of that signal), there is a 
lower limit to the frequency of the I and Q signals 
beyond which processing these signals to obtain 
the final demodulated digital signal becomes im- 
possible. In practice, the demodulation error rate of 
such a circuit rapidly increases as the frequency of 
the I and Q signals approaches that lower limit. 
Alternatively stated, the maximum anticipated 
amount of frequency error of the local oscillator 
signal sets a limit to the maximum data rate of FSK 
modulation that can be utilized, with the circuit of 
Fig. 5. 

To overcome that second problem, the as- 
signee of that prior art patent has proposed second 
and third embodiments, in which phase shifting by 
values other than 90° is executed, in addition to 
phase shifting by 90°, with the various signals thus 
obtained being processed in combination to obtain 
the demodulated digital signal, to enable an in- 
crease in the maximum data rate (or alternatively, 
maximum permissible local oscillator frequency er- 
ror) to be achieved.. However Tuch a method does 
not overcome the first-mentioned problem of the 
difficulty of implementing wide-band pfiase shifting 
circuits operating in the baseband frequency range. 
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and in particular the difficulty of implementing such 
phase shifting circuits within an integrated circuit. 

5 SUMMARY OF THE INVENTION 



!t is one objective of the present invention to 
overcome the disadvantages of the prior art as set 

70 out above, by providing a direct conversion fre- 
quency shift keying (FSK) RF signal receiver circuit 
incorporating a 90° phase shifting circuit which 
provides highly accurate phase shifting in the 
baseband frequency region, over a wide frequency 

75 range. 

The above objective is basically achieved by 
means of a phase shifting circuit that utilizes only 
digital logic elements, including a data type flip-flop 
whose output signal level is switched at each level 

20 .transition of one of the I and Q signals of the 
receiver, in accordance with- the current logic level 
of the other one of the I and Q signals. In that way. 
an output pulse train signal is obtained from the 
data type flip-flop which is fixedly delayed in phase 

25 with respect to one of the I and 0 signals by 90°, 
and which is either in-phase or 180° out of phase 
with the other one of the i and Q signals in accor- 
dance with the FSK modulation, and so can be 
utilized for obtaining the desired demodulated digi- 

30 tal signal. Such a circuit provides 90° phase shift 
operation over a very wide frequency range, with a 
simple configuration. 

It is another objective of the present invention 
to provide a FSK data receiver circuit utilizing a 

35 single local oscillator signal for quadrature de- 
modulation, in . which the amount of permissible 
frequency, error of the local oscillator frequency 
with respect to the RF carrier frequency of the 
received FSK signal is increased by comparison 

40 with the prior art. 

More specifically, according to one aspect, the 
present invention provides a circuit including 
means for demodulating a modulated ratio frequen- 
cy (RF) signal to obtain an in-phase (I) pulse signal 

45 comprising a pulse train, a quadrature (Q) pulse 
signal comprising a pulse train varying between a 
condition of 90° phase advancement and 90° phase 
retardation with respect to the phase quadrature 
pulse signal in accordance with frequency modula- 

50 tion of the radio frequency signal, and baseband 
phase shifting circuit means for phase shifting one 
of the phase quadrature pulse, signal and in-phase 
pulse signal by 90° with respect to the other one 
thereof, in which the baseband phase shifting cir- 

55 cuit means comprises: 

a bidirectional edge detection circuit for generating 
successive pulses in response to respective level 
transitions of a first one of the in-phase pu^ .e 
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signal and phase quadrature pulse signal; and 

a data-type flip-flop having a data input terminal 

coupled to receive a second one of the in-phase 

pulse signal and phase quadrature pulse signal and 

a clock input ternninal coupled to receive the pulses 

produced from the bidirectional edge detection ctr- . 

cult; 

the data type flip-flop thereby producing succes- 
sive output pulses which vary between a condition, 
of 0° and 180° phase shift with respect to the first 
one of the in-phase pulse signal and phase quadra- 
ture pulse signal in accordance with the frequency 
modulation of the radio frequency signal. 

According to another aspect, the present inven- 
tion comprises a data receiver circuit for de- 
modulating a frequency shift keying modulated ra- 
dio frequency (RF) including a source of a local 
oscillator signal, first mixer circuit means, phase 
shifting and signal distribution means for combining 
the radio frequency signal with the local oscillator 
signal in the first mixer circuit means to obtain an 
in-phase signal (I) having a frequency determined 
in accordance with an amount of frequency shift of 
the radio frequency signal, second mixer circuit 
means, signal distribution means for combining the 
local oscillator signal with the radio frequency sig- 
nal in the second mixer circuit means to obtain a 
phase quadrature signal (Q) which varies in phase 
with respect to the in-phase signal in accordance 
with a direction of the frequency shift, and output 
circuit means for processing the in-phase and 
phase quadrature signals to obtain a demodulated 
digital signal, in which the output circuit means 
comprises the aforementioned baseband phase 
shifting circuit means. 

According to another aspect, the present inven- 
tion provides a data receiver circuit for demodulat- 
ing a frequency shift keying modulated radio fre- 
quency (RF) signal, including a source of a local 
oscillator signal, first mixer circuit means, phase 
shifting and signal distribution means for combining 
the radio frequency signal with the local oscillator 
signal in the first mixer circuit means to obtain an 
in-phase signal having a frequency determined in 
accordance with an amount of frequency shift of 
the radio frequency signal, second mixer circuit 
means, signal distribution means for combining the 
local oscillator signal with the radio frequency sig:. 
nal in the second mixer circuit means to obtain a 
phase quadrature signal which varies in phase with 
respect to the in-phase signal in accordance with a 
direction of the frequency shift, and output circuit 
means for processing the in-phase and phase 
quadrature signals to obtain a demodulated digital 
signal, in which the output circuit means com- 
prises: 

first and second limiter circuits for converting the 
in-phase and phase quadrature signals to an in- 



phase pulse signal and a phase quadrature pulse 
signal respectively; 

a first bidirectional edge detection circuit for gen- 
erating successive pulses in response to respective 
5 level transitions of the phase quadrature pulse sig- 
nal; 

a second bidirectional edge detection circuit for 
generating successive pulses in response to re- 
spective level transitions of the in-phase pulse sig- 
70 nal; 

a first data-type flip-flop having a data input termi- 
nal coupled to receive the in-phase pulse signal 
and a clock input terminal coupled to receive the 
pulses produced from the first bidirectional edge 

15 detection circuit; 

a second data-type flip-flop having a data input 
terminal coupled to receive the phase quadrature 
pulse signai and a clock input terminal coupled to 
receive the pulses produced from the second 

20 bidirectional edge detection circuit; 

first exclusive-OR gate circuit means coupled to 
receive the in-phase pulse signal and the output 
pulse signal from the first data type flip-flop; 
second exclusive-OR gate circuit means coupled to 

25 receive the phase quadrature pulse signal and the 
output pulse signal from the second data type flip- 
flop; 

third exclusive-OR gate circuit means coupled to 
receive the in-phase pulse signal and phase 

30 quadrature pulse signal; 

fourth exclusive-OR gate circuit means coupled to 
receive respective output pulse signals produced 
from the first and third exclusive-OR gate circuit 
means, , for producing a first demodulated digital 

35 signal; 

fifth exclusive:OR gate circuit means coupled to 
receive respective output pulse signals produced 
from the second and third exclusive-OR gate circuit 
means, for producing a second demodulated digital 

40 signal; and 

demodulated signal combining circuit, means for 
. combining the first and second demodulated digital 
signals to obtain a final demodulated digital signal. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig.'l is a block diagram of a prior art direct 
50 ■ conversion FSK radio receiver circuit; 

Figs. 2 and 4 are block diagrams of a respective 
circuits containing first and second embodi- 
ments of a 90° phase shifting circuit according 
to the present invention, for use in an FSK radio 
55 receiver circuit; 

Figs. 3 and 5 are waveform diagrams for illus- 
trating the operation of the circuits of Figs. 2 
and 4 respectively; 
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Fig. 6 is a partial block diagram of an embodi- 
ment of an FSK radio receiver circuit according 
to the present invention; and 
Fig. 7 is a waveform diagram for illustrating the 
operation of the circuit of Fig. 6. 

DESCRIPTION OF PREFERRED EMBODIMENTS 



Fig. 2 is a block diagram of a first embodiment 
of a frequency shift keying data receiver circuit 
according to the present invention. Numeral 101 
denotes a quadrature demodulator circuit, for de- 
modulating an FSK modulated RF signal to obtain 
an in-phase and phase quadrature signal in the 
baseband frequency range. The FSK modulated 
RF signal, whose frequency can be expressed as fc 
+ (where fc is the carrier frequency and is an 
amount of modulation frequency shift), is supplied 
via an input terminal 5 to a signal distribution circuit 
1 within the quadrature demodulator circuit 101. 
The signal distribution circuit 1 transfers the FSK 
RF signal to one input of a signal mixer. circuit "3 
and to one input of a mixer circuit 4, and performs 
an impedance matching function, for matching the 
source impedarice of the RF signal to the input 
impedance of each mixer circuit. From circuit de- 
sign considerations, it may be preferable k>r the 
signal distribution circuit 1 to supply the mixer 
circuit 3 and mixer circuit 4 with respective signals 
that differ in phase by 180°, but it is also possible 
for the phase difference to be made 0°. A local 
oscillator signal generator 6 generates a local os- 
cillator signal having a frequency that is close to 
the carrier frequency of the RF signal, and supplies 
that local oscillator signal to a 90° phase shifting 
and signal distribution circuit 2. The 90° phase 
sl^'fting and signal distribution circuit 2, in addition 
to the aforementioned impedance matching func- 
tion, shifts the local oscillator signal in phase by 
90° and supplies the phase shifted local oscillator 
signal to the other input of the mixer circuit 4, and 
supplies the local oscillator signal directly to the 
other input of the mixer circuit 3. It would be 
equally possible to interchange the positions of the 
90° phase shifting and signal distribution circuit 2 
and signal distribution circuit 1 from those shown in 
Fig. 2, so that a phase difference of 90° (or 270°) is 
established between the respective RF signals sup- 
plied to the mixer circuit 3 and mixer circuit 4. 
rather than between the local oscillator signals that 
are supplied to these mixer circuits. The resultant 
output signal from the mixer circuit 3 is passed 
through a low pass filter 7, to thereby obtain an in- 
phase (I) signal which, as described hereina':':ve 
for the prior art example of Fig. 1, has a frequency 
that is equal to the amount of frequency shift 5 of 
the modulated RF signal,, in the absence of any 
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frequency error of the local oscillator signal. A 
phase quadrature (Q) signal is similarly obtained 
from a low pass filter 10 which receives the output 
signal from the mixer circuit 4. The I signal is then 

.5 passed through an amplitude limiting amplifier cir- 
cuit 9a, to be converted into a in-phase pulse 
signal comprising a train of bi-level pulses, referred 
to in the following as the I pulse signal. The Q 
signal is similarly processed by an amplitude limit- 

70 ing amplifier 9b to obtain a Q pulse signal. The Q 
pulse signal is then supplied to a bidirectional edge 
detection circuit 11, which generates as short-dura- 
tion pulse in response to each logic level transition 
of the Q pulse signal. These output pulses from the 

75 bidirectional edge detection circuit 1 1 are applied 
to a clock input terminal of a data type flip-flop 
(hereinafter- abbreviated to DFF) 12, while the I 
pulse signal is applied to the data input terminal of 
the DFF 12. 

20 The I signal and the Q signal can be respec- 

tively expressed as follows:. . 
I signal = cos [Ztt ( 5±Af) t ± tii ] 
Q signal = ±sin[27r (<5±Af) i± 0^ + Oz] 
where Af is the amount of frequency error of the 

25 local oscillator signal with respect to the carrier 
frequency, 0i is the amount of phase error between 
the local oscillator signal and the carrier, 02 is an 
amount of phase error introduced by the 90°. phase 
shifting circuit (within the 90° phase shifting and 

30 signal distribution circuit 2) which shifts the local 
oscillator signal, and the input RF signal varies 
between the frequency values (fc + 5) and fc - 5). 
Thus, the I signal does not contain phase informa- 
tion representing the modulation contents of the 

35 input RF signal, while the Q signal varies in phase 
with respect to the I signal in accordance with that 
modulation information, i.e. the Q sigrial preserves 
the modulation information. These phase relation- 
ships are also true of the I pulse signal and Q 

40 pulse signal that are obtained from the I signal and 
Q signal. 

The relationships between the I pulse signal 
produced from the amplitude limiting amplifier cir- 
cuit 9a, the. Q pulse signal produced from the 

45 amplitude limiting amplifier 9b and the output pulse 
signal produced from the DFF 12 are illustrated in 
the waveform diagram of. Fig. 3. As shown, the 
output pulses from the DFF 12 are always delayed 
in phase by 90° with respect to the I pulse signal, 

50 the I pulse signal being fixed in phase, so that the 
output pulses from the DFF 12 vary between a 
condition of 90° phase advance and 90° phase 
delay with respect to the Q pulse signal (assuming 
an ideal ' condition in which the aforementioned 

55 phase errors are zero), in accordance with the 
modulation information in the FSK RF signal- 
Thus, the combination of the bidirectional edge 
detection circuit 11 and DFF 12 functions in effect 
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as a wide-band 90° phase shifting circuit for ex- 
ecuting phase shifting in the baseband frequency 
range. In the prior art, baseband 90° phase shift 
circuits for this type of application have been con- 
figured for example using integrator circuits, dif- 5 
ferentiator circuits, time delay circuits, etc. How- 
ever it is extremely difficult to achieve a uniform 
value of phase shift over a wide frequency range 
with such prior art methods, so that it has been 
necessary to adopt such measures as using a w 
number of different phase shifting circuits which 
are switch-selected as appropriate. It can be under- 
stood that the accuracy of baseband 90° phase 
shifting by the circuit of Fig. 2 will be determined 
solely by the accuracy of phase shifting by a 90° is 
phase shifting circuit within the 90° phase shifting 
and signal distribution circuit 2, which phase shifts 
the local oscillator signal that is supplied to the 
mixer circuit 4 as described above. Since the latter 
phase shifting circuit operates at the local oscillator 20 
frequency, i.e. in the carrier frequency range, and 
since the frequency range within which the phase 
shift must be constant is small (i.e. in relation to 
the carrier frequency), that phase shifting circuit 
can be easily realized. 25 

It would be possible to configure an FSK data 
receiver by applying the Q pulse signal and the 
output signal from the OFF 12 to respective inputs 
of an exc!usive-OR gate circuit. The required de- 
modulated digital signal would thereby be obtained 30 
as output from that exclusive-OR gate circuit. How- 
ever although such a data receiver would overcome 
the first of the problems set out hereinabove, i.e. 
eliminating the need for a wide-band 90° phase 
shifting circuit, the second problem to be solved 35 
(i.e. the difficult of accurate demodulation of the 
digital signal , when the frequency of the I and Q 
signals becomes excessively low due to frequency 
error of the local oscillator signal) would remain. 

Fig. 4 shows a second embodiment of a 40 
baseband 90° phase shifting circuit for use in an 
FSK data receiver. In this case, the i pulse signal is 
transferred through the bidirectional edge detection 
circuit 11, and the resultant edge pulses supplied 
to the clock input terminal of the DFF 12, while the 45 
Q pulse signal is supplied to the data input terminal 
of the DFF 12. The resultant relationships between 
the I pulse signal, Q. pulse signal and the output 
pulse signal from the DFF 12 are illustrated in the 
waveform diagram of Fig. 5. The operation is simi- 5C 
lar to that of the embodiment of Fig. 3. It can be 
understood that in this case, however, there is a 
reduced amount of delay time produced in the 
output signal from the DFF 12 at each occurrence 
of a frequency shift of the input RF signal, i.e. a 5i 
greater number of pulses of the output signal from 
the DFF 12 occur during each data interval of the 
digital signal that is to be demodulated. As with the 



circuit of Fig. 6 it would be possible to configure a 
simple FSK data receiver using the circuit of Fig. 2, 
in this case by applying the I pulse signal and the 
output signal from the DFF 12 to respective input 
terminals of an exclusive-OR gate circuit. 

A preferred embodiment of an FSK data re- 
ceiver circuit will be described referring to Fig. 6. 
which incorporates both of the baseband 90° phase 
shifting circuits described above, and applies digi- 
tal processing to the output signals from these in 
conjunction with the I pulse signal and Q pulse 
signal to obtain a high degree of accuracy of digital 
signal demodulation, enabling satisfactory opera- 
tion with a greater amount of local oscillator fre- 
quency error than is possible with a simple prior art 
type of direct conversion FSK data receiver (or, 
alternatively stated, enabling demodulation . of a 
higher data rate of digital signal, for a specific 
maximum amount of local oscillator frequency er- 
ror). In Fig. 6, the quadrature demodulation circuit 
101 shown in Fig. 2, which produces the I and Q 
signals shown in Fig. 6 as described hereinabove, 
is omitted for simplicity of description. As in Fig. 2, 
9a and 9b are amplitude limiting amplifier circuits 
for converting the in-phase signal and phase 
quadrature signal respectively to the I pulse signal 
and Q pulse signal, 11 and 12 are bidirectional 
edge detection circuits, 12 and 14 are data type 
flip-flops (DFFs), 15 to 19 are exclusive-OR gate 
circuits, and 20 Is a demodulation waveform com- 
bining circuit. 

Waveforms occurring at various points in the 
circuit of Fig. 6 are shown in in Fig. 7. designated 
as waveforms (a) to (i) respectively, with corre- 
sponding designations being provided in Fio 7. 
The waveforms (a) and (b) are those of the 1 pti^ses 
signal and Q pulse signal respectively, which are 
n- utually in phase quadrature. As described above, 
the I pulse signal does not vary In phase In accor- 
dance with frequency shifts of the modulated RF 
signal, while the Q pulse signal is inverted in phase 
each time a frequency shift of the received signal 
occurs. The I pulse signal and Q pulse signal are 
applied to respective bidirectional edge detection 
circuits 11 and 13. while the I pulse signal is also 
supplied to the data input terminal of the DFF 12 
and the 0 pulse signal is supplied to the data input 
terminal of the exclusive-OR gate circuit 14. Thus, 
the DFF 12 and bidirectional edge detection circuit 

13 constitute a baseband 90° phase shifting circuit 
as described hereinabove for Fig. 2, while the 
bidirectional edge detection circuit 1 1 and 
exclusive-OR gate circuit 14 constitute a baseband 
90° phase shifting circuit as described hereinabove 
for Fig. 4. The output signals from the DFFs 12 and 

14 are shown as (c) and (d) in Fig. 7. The I pulse 
signal and the output signal from the DFF 12 is 
applied to respective inputs of a first exclusive-OR 
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gate circuit 15. while the Q pulse signal and .the 
output signal from the exclusive-OR gate circuit 14 
is applied to respective ir.j/uts of a second 
exclusive-OR gate circuit 16. In addition, the I pulse 
signal and Q pulse signal are applied to respective 
inputs of a third excIusive-OR gate circuit 17. The 
output signals from the exclusive-OR gate circuits 

15 and 16 each consists of pulses at a frequency 
which is twice that of the I pulse signal and Q pulse 
signal, with neither of these output signals tpeing 
modulated in phase in accordance with frequency 
shifts of the received RF signal. The waveforms of 
these output signals from the exclusive-OR gate 
circuits 15 and 16 are shown as (f) and (g) in Fig. 
7. The output signal from the exclusive-OR gate 
circuit 17 (shown as waveform (e) in Fig. 7) also 
consists of pulses at a frequency that is twice that 
of the pulses of the I pulse signal and 0 pulse 
signal, but which are modulated in phase in accor- 
dance with frequency shifts of the received RF 
signal, i.e. which vary between a condition of being 
in phase with the output pulses from the exclusive- 
OR gate circuit 16 (and 180° out of phase with the 
output pulses from the exclusive-OR gate circuit 
15) and a condition of being in phase with the 
output pulses from the exclusive-OR gate circuit 15 
(and 180° out of phase with the output pulses from 
the exclusive-OR gate circuit 16). Thus, demodula- 
tion to obtain the original digital signal can be 
executed by inputting the output signals from the 
exclusive-OR gate circuits 15 and 17 to an 
exclusive-OR gate circuit 18, or by inputting the 
output signals from the exclusive-OR gate circuits 

16 and 17 to an exclusive-OR gate circuit 19. The 
resultant output signals from the exciusive-OR gate 
circuits 18 and 19, shown as waveforms (h) and (i) 
in Fig. 7] are mutually inverted and also mutually 
displaced in phase by an amount equal to one half 
period of the double-frequency output pulses pro- 
duced from the exclusive-OR gates 15 to 17. 

Due to the frequency doubling that has been 
executed for the signals (e) and (f) or (e) and (g) 
that are used to obtain the final demodulated digital 
signal, i.e. are used to detect level transitions of 
that digital signal, a greater degree of resolution of 
that detection, and hence a higher accuracy of 
demodulation is achieved, than is possible with a 
simple digital processing circuit which directly op- 
erates on the I pulse signal and Q pulse signal. 
That is to say, although gaps (indicated as Ta. Tb 
in waveform (b) of Fig. 7) occur in the successive 
pulses of the Q pulse signal each time the phase of 
the Q pulse, signal is inverted as a result of a 
frequency shift of the input RF signal, with the 
duration of such gaps increasing in accordance 
with a lowering of the frequency of the I pulse 
signal and Q pulse signal, i.e. in accordance with 
an increase in error of the local oscillator frequency 
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in a direction causing such a lowering of frequency, 
the effects of such gaps upon detection of the level 
transitions of ihe demodulated digital signal are 
greatly reduced by the circuit of Fig. 6, since as is 

5 apparent from Fig. 7 the corresponding gaps pro- 
duced in the output pulse trains from the exciusive- 
OR gate circuits 17, 15 and 16 (i.e. waveforms (e), 
(f), (g)) are substantially shorter than the gaps Ta, 
Tb. Thus, a greater degree of frequency error in 

10 the local oscillator signal (or an increase in the data 
rate of the digital signal that is to be demodulated) 
becomes permissible. 

In this embodiment, both of the demodulated 
digital signals (h) and (i) are derived,, and are 

75 combined in a demoduJated signal waveform .com- 
bining circuit 20 to obtain a final demodulated 
digital signal that is applied to an output terminal 
21. This combining of these signals (h) and (i) in 
the demodulated signal vyaveform combining circuit 

20 20 is done in order to achieve a maximum accu- 
racy of determining the timings of logic level transi- 
tions of the finally obtained demodulated digital • 
signal. The demodulated signal waveform combin- 
ing circuit 20 can for example consist simply of an 

25 Operational amplifier circuit, with one of the signals 
(h) and (i) applied to the non-inverting input termi- 
nal of the amplifier, and the other signal applied to 
the inverting input terminal. However other- circuit 
arrangements for the demodulated signal waveform 

30 combining circuit 20 can be envisaged. 

However it can be understood that it would also 
be possible to process the demodulated digital 
signals (h) and (i) in various other ways, so that 
these signals could be outputted via respective 

35 output terminals 22 and 23. as indicated by the 
broken-line connections, to some processing cir- 
cuits other than circuit 20 of Fig. 6. 

Alternatively, the circuit could be simplified to 
use only one of the output signals (h) and (i), with ' 

40 some loss of accuracy of determining the level 
transition time points, of the demodulated digital 
signal. In that case, for example, the bidirectional 
edge detection circuit 1 1, exclusive-OR gate circuit 
14, exclusive-OR gate . ircuits 16 and 19, and the 

45 demodulated signal waveform combining circuit 20 
shown in Fig. 6 could be omitted, with only the 
demodulated output signal from the exclusive-OR 
gate circuit 18 being utilized, or the bidirectional 
edge detection circuit 13, DFF 12, and exclusive- 

50 OR gate circuits 15, 18 and the demodulated signal 
waveform combining circuit 20 could be omitted, 
with only the output signal from the exclusive-OR 
gate circuit 19 being utilized, i.e. only a single 
baseband 90° phase shifting circuit would be uti- 

55 lized, with that being either a circuit that derives a 
signal which is fixedly delayed by 90° relative to 
the 1 putse signal or a circuit that derives a signal 
which is fixedly delayed by 90° relative to the 0 
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pulse signal. 

From the above description it can be under- 
stood that it is a first feature of the present inven- 
tion that the invention enables an FSK data re- 
ceiver circuit to be configured which utilizes a 
.baseband 90*^ phase shifting circuit that provides 
accuracy of phase shifting over a wide range of 
frequencies, with the 90'' phase' shifting being ac- 
complished by using only digital logic circuit com- 
ponents. 

It can be further understood that it is a second 
feature of the present invention that the invention 
enables an FSK data receiver circuit to be config- 
ured in which the requirements for frequency accu- 
racy of a local oscillator of the receiver, with re- 
spect to the carrier frequency of the FSK RF sig- 
nal, are substantially reduced. Due to these two 
features, the invention renders such an FSK data 
receiver circuit highly suitable for implementation in 
the form of an integrated circuit. The manufacture 
of such a data receiver will thereby be greatly 
facilitated. 

An FSK radio receiver of direct conversion 
type, which derives baseband in-jDhase and phase 
quadrature signals from a received FSK RF signal 
in respective mixers by applying local oscillator 
signals to the mixers differing in phase by 90°. in 
which wide-band baseband 90*" phase shifting cir- 
cuits formed of only digital logic elements (11, 14). 
(13, 12) phase shift the in-phase and phase 
quadrature signals to enable a demodulated digital 
data signal to be obtained by subsequent digital 
processing. In that processing, . signals having a 
frequency that is double that of the in-phase and 
phase quadrature signals are derived and used to 
derive the demodulated data signal, ensuring high 
accuracy of detection and lowering the accuracy 
required for the local oscillator frequency. 



Claims 

1. In a circuit including means for demodulating a 
modulated radio frequency (RF) signal to obtain an 
in-phase (I) pulse signal comprising a pulse train, a 
quadrature (Q) pulse signal comprising a pulse 
train varying between a condition of 90° phase 
advancement and 90° phase retardation with re- 
spect to said phase quadrature pulse signal in 
accordance with frequency modulation of said radio 
frequency signal, and means for phase shifting one 
of said phase quadrature pulse signal and in-phase 
pulse signal by 90° with respect to the other one 
thereof, the improvement whereby said means for 
90° phase shifting comprises: 
a bidirectional edge detection circuit for generating 
successive pulses in response to respective level 
transitions of a first one of said in-phase pulse 



signal and phase quadrature pulse signal; and 
a data-type flip-flop having a data input terminal 
coupled to receive a second one of said in-phase 
pulse signal and phase quadrature pulse signal and 
5 a clock input terminal coupled to receive said 
pulses produced from said bidirectional edge de- 
tection circuit; 

said data type flip-flop thereby producing succes- 
sive output pulses which are 90° phase shifted with 

10 respect to said first one of the in-phase pulse 
signal and phase quadrature pulse signal. 
2. In a data receiver circuit for demodulating a 
frequency shift keying modulated . radio frequency 
(RF) signal, including a source of a local oscillator 

75 signal, first mixer circuit means, phase shifting and 
signal distribution means for combining said radio 
frequency signal with said local oscillator signal in 
said first mixer circuit means to obtain an in-phase 
signal having a frequency determined in accor- 

20 dance with an amount of frequency shift of said 
radio frequency signal and with difference between 
said radio frequency signal and local oscillator sig- 
nal frequencies, second mixer circuit means, signal 
distribution means for combining said local oscilla- 

25 tor signal with said radio frequency signal in said 
second mixer circuit means to obtain a phase 
quadrature signal which varies in phase with re- 
spect to said in-phase signal in accordance with a 
direction of said frequency shift, and output circuit 

30 means for processing said in-phase and phase 
quadrature signals to obtain a demodulated digital 
signal, the improvement whereby said output circuit 
means comprises: 

first and second limiter circuits for converting said 
35 in-phase and phase quadrature signals to an in- 
phase pulse signal and a phase quadrature pulse 
signal respectively; 

a bidirectional edge detection circuit for generating 
successive pulses in response to respective level 

40 transitions of a first one of said in-phase pulse 
signal and phase quadrature pulse signal; 
a data-type flip-flop having a data input terminal 
coupled to receive a second one of said in-phase 
pulse signal and phase quadrature pulse signal and 

45 a clock input terminal coupled to receive said 
pulses produced from said bidirectional edge de- 
tection circuit; and 

logic circuit means for. combining, an. output pulse^ 
signal produced from said data type flip-flop with at 
50 least one of said in-phase and phase quadrature 
pulse signals to obtain said demodulated digital 
signal. 

3. The improvement according to claim 2. in which 
said logic circuit means comprises: 
55 first exclusive-OR gate circuit means for receiving 
as inputs said output pulse signal from the data 
type flip-flop and said second one of the in-phase 
pulse signal and phase quadrature pulse signal; 
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second exclusive-OR gate circuit means for receiv- 
ing as inputs said first one of the in-phase pulse 
signal and phase quadrature putse signal; and 
third exclusive-OR gate circuit nneans for receiving 
as inputs respective output pulse signals produced 5 
from said first exclusive-OR gate circuit nneans and 
second exclusive-OR gate circuit means, and for 
outputting said demodulated digital signal. 
4. In a data receiver circuit for demodulating a 
frequency shift keying modulated radio frequency io 
(RF) signal, including a source of a local oscillator 
signal, first mixer circuit means, phase shifting and 
signal distribution means for combining said radio 
frequency signal with said local oscillator signal in 
said first mixer circuit means to obtain an in-phase /s 
signal having a frequency determined in accor- 
dance with an amount of frequency shift of said 
radio frequency signal, second mixer circuit means, 
signal distribution means for combining said local 
oscillator signal with said radio frequency signal in 20 
said second mixer circuit means to obtain a phase 
quadrature signal which varies in phase with re- 
spect to said in-phase signal in accordance with a 
direction of said frequency shift! and output circuit 
means for processing said in-phase and phase 25 
quadrature signals to obtain a demodulated digital 
signal, the improvement whereby said output, cir;cuit'V. , 
means comprises: 

first and second limiter circuits for converting said 
in-phase and phase quadrature signals to an in- 30 
phase pulse signal and a phase quadrature pulse 
signal respectively: 

a first bidirectional edge detection circuit for gen- 
erating successive pulses in response to respective 
level transitions of said phase quadrature pulse 35 
signal; 

a second bidirectional edge detection circuit for 
generating successive pulses in response to re- 
spective level transitions of said in-phase pulse 
signal; 40 
a first data-type flip-flop having a data input termi- 
nal coupled to receive said in-phase pulse signal 
and a clock input terminal coupled to receive said 
pulses produced from said first bidirectional edge 
detection circuit; -^s 
a second data-type flip-flop having a data input 
terminal coupled to receive said phase quadrature 
pulse signal and a clock input terminal coupled to 
receive said pulses produced from said second 
bidirectional edge detection circuit; so 
first exclusive-OR gate circuit means coupled to 
receive said in-phase pulse signal and said output 
pulse signal from the. first data type flip-flop; 
second exclusive-OR gate circuit means coupled to 
receive said phase quadrature pulse signal and 55 
said output pulse signal from the second data type 
flip-flop; 

third exclusive-OR gate circuit means coupled to 



receive said in-phase pulse signal and phase 
quadrature pulse signal; 

fourth exclusive-OR gate circuit means coupled to 
receive respective output pulse signals produced 
from said first and third exclusive-OR gate circuit 
means, for producing a first demodulated digital 
signal; 

fifth exclusive-OR gate circuit means coupled to 
receive respective output pulse signals produced 
from said second and third exclusive-OR gate cir- 
cuit means, for producing a second demodulated 
digital signal: and 

demodulated signal combining circuit means for 
combining said first and second demodulated digi- 
tal signals to obtain a final demodulated digital 
signal- 
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